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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention: 

[0001] The present invention relates to a user's color matching system that enables a user of a colored paint him- 
self to precisely match a color of a paint under predetermined conditions in cooperation with a maker, a thinned pigment 
dispersion for color matching used in this system, a paint color matching method, a color matching data base for ena- 
10 bling a user to conduct such a color matching, and a method of using the same. 

Description of the Related Art: 

[0002] Since colored paint users selectively use color paints having various hues, it is impossible for them to have 
is always ail of these paints. For this reason, users have generally indicated colored paints of desired hues on the basis 
of color samples whenever they use the same, and have ordered the same to colored paint makers. Makers have in turn 
produced colored paints by mixing a base paint called a white paint base with pigment dispersions according to specific 
recipes, and have delivered the same to users. 

[0003] However, in such a delivery system of colored paints, it takes a predetermined time for users or makers to 
20 do office works of giving or receiving an order and delivering products. Accordingly, at least 24 hours are actually 

required from ordering to completion of delivery. Thus, during that time, users are compelled to wait. 

[0004] Under these circumstances, in recent years, users have come to require that base paints, various pigment 
. _.. dispersions.arxLcolor matching devices (for example, a measuring device and a mixing stirrer) are provided in their own 

shops and they themselves conduct production of colored paints (color matching of base paints) freely and quickly. 
25 [0005] However, such a color matching of users is currently problematic in the following three points a) to c). 

a) There is no expert worker of the color matching on the side of users. Therefore, even when color samples are 
offered from makers or a color matching technical know-how is instructed from makers, it is impossible for users 
themselves to precisely match a color on the basis of the correct judgement of color hues. 

30 b) In order to match a color of abase paint as required, it is requested to conduct precjs^mixing (especially, a small 
amount of a pigment dispersion is measured precisely and stably in terms of a very small unit calculated below the 
decimal point, for example, "7.15 ml", and mixed). To this end, a costly high-precision color matching device and a 
color matching worker, a skilled person who precisely conducts the measuring process, are needed. However, such 
a color matching device and the skilled worker cannot be expected from users. 

35 Some paint makers have tried to supply a pigment dispersion in which the pigment concentration is decreased 

to approximately 10 times on purpose for diminishing the users' difficulty in precise procedures of measuring and 
mixing the same. In this case, however, a base paint is mixed with a large amount of a pigment dispersion having 
a solvent formulation which is not necessarily adapted to base paints having various solvent formulations. Thus, 
there is a fear that a performance of paint might be decreased. 

40 c) Even though the problems a) and b) are solved, an error in the color matching occurs with a known mixing ratio 
when, for example, a predetermined amount of a base paint is mixed with a predetermined volume of a pigment 
dispersion because an amount of a pigment dispersion to be used varies depending on the increase or the 
decrease in the volume of the pigment dispersion owing to environmental factors. Thus, it is quite impossible to cor- 
rect the same at the users' technical level. 

45 

[0006] By the way, the present inventors have supposed that the foregoing problems could be solved by focussing 
on the following points x) to z). 

x) The problem a) can be solved such that the know-how of the color matching operation which has been so far 
50 conducted by makers mainly based on experiences of expert workers is inputtecjjn a d.ata base, and offered to 
users as a figured color-matching data base. 

y) The problem b) can be soivea as-follows. Users are made to install a relatively simple and inexpensive color- 
matching device. Further, with respect to the lack of precise mea sur^gnt-and-trrriack of skill irvoperation of the 
device, there is provided a color matching method using a combination of rojjgh-colormatcj^ a pigment dis- 
rs persion having a high thinned pigment concentration in which the concentration is precisely controlled through dilu- 
tion with an^ayerage^so^ dilution that is most appropriate to base paints having various 
compositions'and fine color matching with" a thinned pigment dispersion having a low pigment concentration in 
which the concentration is likewise controlled. 
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z) The problem c) can be solved ^correcting a data base j^s required, by a correction formula in consideration of 
the change in the specific gravity owing-to-env!ronmentallactors of a thinned pigment dispersion using data accu- 
mulated abundantly by makers. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the invention to provide, upon solving these problems, a user's color matching system which 
enables a user to match a color easily and precisely and which can avoid the decrease in the performance of a paint 
caused by color matching, a thinned pigment dispersion set for color matching that a user uses in this system, a paint 
color matching method which is conducted by a user using this thinned pigment dispersion set for color matching, a 
color matching data base for user and a using method including correction of the data. 

[0008] The first aspect of the invention is that a user's color matching system in which a user of a colored paint him- 
self matches a color of a base paint using a thinned pigment dispersion for color matching under the following condi- 
tions (1) to (3). 

(1) The user has a color matching device capable of conducting measuring and mixing for color matching. 

(2) The maker of the colored paint offers the user the base paint and the thinned pigment dispersion for color 
matching of a required hue. 

(3) The maker of the colored paint offers the user a color matching data base for user that indicates a standard 
amount of a base paint in color matching and an amount of a thinned pigment dispersion for color matching of one 
or more hues to be mixed therewith in any mode. 



ln the f jrst aspect, a color matching. device capable of conducting measuring and mixing for color matching 

but not required to have a high precision can be bought or rent by a user without difficulty because it is relatively inex- 
25 pensive. 

[001 0] A combination of a base paint and a thinned pigment dispersion for color matching is offered from a maker 
of a colored paint, and a standard amount of a base paint and an amount of a thinned pigment dispersion for color 
matching to be mixed therewith are further instructed using a color matching data base. Consequently, a user can mix 
them in amounts instructed by a maker and conduct the color matching without trouble even though a user cannot make 
30 mature judgement of a color tone in the color matching. 

[0011] The second aspect of the invention is a thinned pigment dispersion set for color matching in which a thinned 
pigment dispersion of any hue comprises a thinned pigment dispersion for rough color matching and a thinned pigment 
dispersion for fine color matching as described below, at a pigment concentration ratio of from 5:1 to 50:1 which are 
used for color matching of a base paint: 



(1) a thinned pigment dispersion for rough color matching having a high pigment concentration, which is a pigment 
dispersion produced for color matching of a base paint, or a thinned pigment dispersion obtained by diluting this 
pigment dispersion to a known concentration at a relatively low ratio with a colorless transparent solution for pig- 
ment dilution containing one or more of HEC (hydroxyethyl cellulose), a polycarboxylate and xanthan gum as a 

40 thickener and an alkylene glycol as a drying inhibitor; and 

(2) a thinned pigment dispersion for fine color matching having a low pigment concentration, which is obtained by 
diluting a pigment dispersion to a known concentration at a relatively high ratio with the solution for pigment dilution. 

[0012] In the second aspect, the solution for pigment dilution has a good pigment dispersibility and an excellent 
adaptability to various base paint formulations. Accordingly, it has, on the average, the lowest adverse effect on the per- 
formance of the paint with respect to the base paint having various solvent formulations, and can remarkably avoid the 
deterioration of the performance of the paint. 

[0013] The third aspect of the invention is a paint color matching method in which rough color matching of a base 
paint using the thinned pigment dispersion for rough color matching having the high pigment concentration in the large 
measuring unit and fine color matching of a base paint using the thinned pigment dispersion for fine color matching hav^ 
mg the low pigment concentration in the measuring unit scaled up at the dilution ratio are conducted with respect to a 
thinned pigment dispersion of one or more hues in the color matching of a colored paint. 

[0014] In the third aspect, even if a user has not a high-precision color matching device or there is not a skilled 
worker, the thinned pigment dispersion for rough color matching having the high pigment dispersion is used in a small 
amount in terms of a large measuring unit (for example, when it is requested to measure "7.15 ml" of the pigment dis- 
persion, "7.0 ml" is measured with the ml unit"), and the thinned pigment dispersion for fine color matching having the 
low pigment concentration is used in a measuring unit scaled up at a dilution ratio (for example, "0.15 ml" is measured 
as "1 .5 ml" scaled up to 10 times). Accordingly, the measuring and the mixing thereof can be conducted precisely. The 
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same effects as provided in the second aspect can be expected. 

[001 5] The fourth aspect of the invention is a data base which is used in the color matching of the base paint by the 
user of the colored paint and in which at least the following data is offered for each desired color in the color matching: 

s (1) a standard amount of a. base paint shown in terms of a weight unit or a volume unit; and 

(2) an amount of a thinned pigment dispersion for color matching of one or more hues shown in terms of a weight 
unit or a volume unit with respect to the base paint in the above-described standard amount. 

- [001 6] In the fourth aspect, the base paint and the thinned pigment dispersion for color matching can be mixed in 
10 amounts, indicated by the data base, and the difficult judgement of color tones can be dispensed with on the users' side 
in which there is no expert worker of color matching. 

[0017] The fifth aspect of the invention provides a method of using a color matching data base for user. In this 
method, when the standard amount of the base paint in the color matching data base for user is shown in terms of a 
weight unit and the mixinig amount of the thinned pigment dispersion or the mixing amounts of the thinned pigment dis- 

15 persion for rough color matching and the thinned pigment dispersion for fine color matching are shown in terms of a 
volume unit, the data of the mixing amount of the thinned pigment dispersion or the data of the mixing amounts of the 
thinned pigment dispersion for rough color matching and the thinned pigment dispersion for fine color matching are cor- 
rected, as required, by a correction formula in consideration of the change in the specific gravity of various thinned pig- 
ment dispersions owing to environmental factors, and the correction data is offered to the user. 

20 [001 8] In the fifth aspect, the color matching error accompanied by the increase or the decrease in the volume of 
the thinned pigment dispersion owing to environmental factors such as a temperature and the like can be corrected eas- 
ily and accurately only by following the corrected value of the data base offered from the maker to the user as required. 

Tne above and other advantages of the invention wjll become more apparent in.the following.description and 
the accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

30 Fig. 1 is a view showing a structure of a color matching device used in Examples. 
Fig. 2 is a partially cutaway view of a measuring device used in Examples. 
Fig. 3 is an example of a dispenser volume data table. 
Fig. 4 is another example of a dispenser volume data table. 

35 DETAILED DESCRIPTION OF THE INVENTION 

[User's color matching system] 

[0021] The user's color matching system according to the invention is a system that a user of a coloredpaint_CQD- 
40 , ducts him self the color matching of the base paint using a thinned pigment dispersion for color malcT^mgun^erthe pre- 
determmed conditions. 

[0022] The conditions are the following three. 

(1) The user has a color matching device capable of conducting measuring and mixing for color matching. 
45 (2) The jTiaker.of the c olored paint offerstheuserj^ and the thinned pigment dispersion fnj^ rninr 
match ing ofa required"hua ' ■ " " " 

13) TFie makeTofTRe~cotered paint offers the user, in any mode, a matching data base for user that indicates a 
standard amount of a base paint in color matching and a mixing amount of a thinned pigment dispersion for color 
matching of one or more hues to be mixed therewith. 

50 

[0023] Incidentally, the "user" is not limited to a person who himself engages in coating work using a colored paint, 
but also includes a person who solely sells or supplies colored paints to paint dealers as final consumers. 

[Solution for pigment dilution] 

55 

[0024] The solution for pigment dilution contains at least one or more of HEC, a polycarboxylate and xanthan gum 
as a thickener and an alkylene glycol as a drying inhibitor, making it possible to obtain the above-described excellent 
functions and effects. 
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thickener 


0.5 to 5.0% by weight 


drying inhibitor 


3.0 to 20.0% by weight 


antiseptic 


0.1 to 1.0% by weight 


fungicide 


0. 1 to 1 .0% by weight 


water 


73.0 to 96.3% by weight 
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[Pigment color matching method] 

[0035] The rough color matching of the base paint using the thinned pigment dispersion having the high pigment 
concentration and the fine color matching of the base paint using the thinned pigment dispersion having the low pig- 
ment concentration may be conducted over the course of time in this order or in reverse order, or simultaneously (the 
base paint is mixed with the thinned pigment dispersion for rough color matching and the thinned pigment dispersion 
for fine color matching simultaneously, or the amounts of both the thinned pigment dispersions are measured, these are 
then niixed, and the resulting mixture is mixed with the base paint). 

[0036] This is because the amounts of the thinned pigment dispersion for rough color matching and the thinned pig- 
ment dispersion for fine color matching are measured to thereby secure the effect of accurately measuring the amounts 
of the pigments incorporated in the base paint, and the effect of eliminating the difficulty in the accurate color matching 
with only the solution having the high pigment concentration such as the pigment dispersion is equally secured in all the 
above-described cases without increasing so much the amount of the thinned pigment dispersion relative to the base 
paint. 

[0037] In the pigment color matching method of the invention, rough color matching of a base paint using the 
thinned pigment dispersion for rough color matching having the high pigment concentration in the large measuring unit 
and fine color matching of a base paint using the thinned pigment dispersion for fine color matching having the low pig- 
ment concentration in the measuring unit scaled up at the dilution ratio are conducted with respect to a thinned pigment 
dispersion of one or more hues in the color matching of the colored paint 

[0038] Accordingly, on condition that the thinned pigment dispersion set for color matching is offered to the user, 
the data of the mixing amounts of these thinned pigment dispersions in the color matching data base for user are indi- 
cated by predetermined measuring units in terms of the weight unit or the volume unit. The user has only to measure 
the thinned pigment dispersion for rough color matching and the thinned pigment dispersion for fine color matching 
according to the data of the mixing amounts and to mix the same. Thus, the user can accurately match the color of the 
25 base paint quite easily. 

[0039] In this method, the rough color matching (for roughly arranging the color tone) is conducted with a large 
measuring unit (e.g. 7.0 mL) rather than a small measuring unit (e.g. 7.1 5 mL). So the accurate measurement and mix- 
ing is possible without a high-precision device or a skilled worker. 

[0040] In this method, the fine color matching (for arranging the accurate color tone) is conducted with the measur- 
ing unit scaled up at a dilution ratio. Usually, in this case, if a high-precision color matching device is lacking or an expert 
worker is absent, a certain measuring error would be unavoidable. In this method, however, quite accurate color match- 
ing can be secured for the following two reasons (1) and (2). 

(1) Since the fine color matching is conducted with the dispersion having the low pigment concentration within such 
a range that the rough color matching is accurately defined, the deviation of the color matching due to the measur- 
ing error is by far less than that of the color matching due to the measuring error of the pigment dispersion itself in 
the ordinary technique. 

(2) In addition, the measuring unit of the dispersion having the low pigment concentration itself is scaled up at the 
dilution ratio. Therefore, even when a high-precision color matching device is lacking and an expert worker is 
absent, the accurate measuring can be expected as compared with the ortfnary technique. 

[0041 ] Since the fine color matching is conducted within the range of the rough color matching with the thinned pig- 
ment dispersion (small amount) for rough color matching, the thinned pigment dispersion for fine color matching is used 
in a small amount, and the total mixing amount of the thinned pigment dispersions (for rough and fine color matching) 
is reduced. Besides, the thinned pigment dispersion for fine color matching is prepared using the solution for pigment 
dilution. Accordingly, the decrease in the performance of the paint by the mixing with the thinned pigment dispersions 
or the deviation from the range of the designing property is reduced to a substantially negligible extent. 
[0042] These effects are further described specifically. For example, when it is required to conduct color matching 
by accurately measuring an amount of a thinned pigment dispersion corresponding to "7.15 ml" of a pigment dispersion 
based on a base paint and mixing the same, an error is increased in measuring the amount of the pigment dispersion 
unless using an expensive high-precision color matching device. Thus, the color matching is quite inaccurate. 
[0043] Meanwhile, when a commercial pigment dispersion in which a pigment concentration has been reduced to 
1/10 is used as described above, the amount becomes "71.5 ml", and the measuring unit is scaled up by 10 times 
Thus, the measuring accuracy is increased in this case. However, since such a commercial pigment dispersion is usu- 
ally not adapted to a formulation of a base paint to be actually used, it is unescapable to decrease the performance of 
the base paint by incorporation of the large amount of the pigment dispersion. 

[0044] However, according to the invention, when the pigment concentration ratio of the thinned pigment dispersion 
for rough color matching and the thinned pigment dispersion for fine color matching is. for example. 40:1 , it is sufficient 
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that the amount of the thinned pigment dispersion for rough color matching is measured to be "7.0 ml" and that of the 
thinned pigment dispersion for fine color matching "0.15 x 40 = 6.0 ml" respectively. That is, the amounts of both the 
thinned pigment dispersions can be calculated in terms of the 1 ml unit and the measuring accuracy is markedly 
improved. Further, the total mixing amount of both the thinned pigment dispersions is only 13 ml, and the solution for 
pigment dilution having the specific formulation is used. Consequently, the decrease in the performance of the base 
paint does not actually occur. 

[Color matching device] 

[0045] This pigment color matching method includes measuring, mixing and stirring steps. The mechanical devices 
used in these steps or the type of the color matching system is not particularly limited at all so far as they meet the 
needs. 

[0046] However, it is preferable to include a measuring device capable of accurate measuring with two types of 
large and small measuring units on the weight or volume basis in view of the mechanism, for example, a specific piston 

is pump-type measuring device. 

[0047] In practicing the pigment color matching method, the amount of the thinned pigment dispersion for rough 
color matching and/or the thinned pigment dispersion for fine color matching is preferably conducted by the measure- 
ment on the volume basis (measurement of the thinned pigment dispersion using a volume scale) in the aspect of the 
working speed. However, the measurement on the weight basis (measurement of the thinned pigment dispersion by 

20 weight) is also available. 

[0048] The color matching device is preferably a color matching device comprising means for measuring a thinned 
pigment dispersion for color matching in terms of a volume unit, means for charging a thinned pigment dispersion meas- 
ured into a paint container containing a base paint in a standard weight and means for uniformly mixing the contents of 
the paint container by stirring. 

[0049] In an especially preferable color matching device, a paint can which can be delivered or used as a paint con- 
tainer is used. After a thinned pigment dispersion for color matching is incorporated therein, the paint can is closed, and 
necessary movement is applied to the paint can itself to mix the contents of the paint container with stirring. 
[0050] In these color matching devices, the paint can is used which can directly be delivered or used as the paint 
container. Therefore, it is very convenient to a user. Further, the contents are mixed with stirring by closing the paint can 
and applying the necessary movement to the paint can itself, so that the workability of the mixing with stirring is 
extremely good. 

[Color matching data base for user] 
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[0051] The color matching data base for user in the invention is a data base which is used in the color matching of 
the base paint by the user of the colored paint and in which at least the following data is offered for each desired color 
in the color matching: 

(1) a standard amount of a base paint shown in terms of a weight unit or a volume unit;and 
40 (2) a mixing amount of a thinned pigment dispersion for color matching of one or more hues shown in terms of a 
weight unit or a volume unit relative to the base paint in the standard amount. 

[0052] The following is an example of. an advantageous method of using a color matching data base for user. When 
the standard amount of the base paint is shown in terms of the weight unit and the mixing amount of the thinned pig- 
ment dispersion or the mixing amounts of the thinned pigment dispersions for rough and fine color matching are shown 
in terms of the volume^unit in the color matching data base for user, the data of the mixing amount of the thinned pig- 
ment dispersion or the data of the mixing amounts of the thinned pigment dispersions for rough and fine color matching 
are corrected, as required, by a correction formula in consideration of the change in the specific gravity of various 
thinned pigment dispersions owing to environmental factors, and the correction data is offered to the user as required. 
[0053] The color matching data base for user according to the invention is used when the user of the colored paint 
himself conducts the color matching of the base paint. It includes at least a data of a standard amount of a base paint 
and a data of a mixing amount of a thinned pigment dispersion for color matching of one (in case of coloration with a 
single hue) or more (in case of coloration with two or more hues) hues relative to the base paint in the standard amount 
for each desired color in the color matching. 

[0054] The data base may include any data other than the above-described data. The desired color of the color 
matching is shown by, for example, the corresponding number of a color sample for each unit data group in the color 
matching or by other means. 

[0055] The data of the standard amount of the base paint and the data of the mixing amounts of the thinned pig- 
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ment dispersions for color matching are shown in terms of a weight unit or a volume unit according to a measuring sys- 
tem in the color matching device that the user possesses. In the color matching device, it is most advantageous in view 
of the automatic color matching that the standard amount of the base paint which is used in a large amount is treated 
in a weight unit and the mixing amount of the thinned pigment dispersion which is used in a small amount is treated in 
a volume unit that can rapidly be measured. 

[0056] Further, with respect to the data of the mixing amount of the thinned pigment dispersion for color matching 
of one or more hues, it is preferable that the thinned pigment dispersion for rough color matching having the high pig- 
ment concentration is shown in terms of a large measuring unit and the thinned pigment dispersion for fine color match- 
ing having the low pigment concentration is shown in terms of a measuring unit scaled up at a dilution ratio. 
[0057] Still further, it is more preferable to measure the amounts of the thinned pigment dispersion for rough color 
matching and the thinned pigment dispersion for fine color matching using, for example, a measuring device capable of 
accurate measurement in two types of large and small measuring units as shown in examples to be described later. As 
a result, the simple, accurate measurement can be conducted easily. 

15 [Data of a mixing amount of a thinned pigment dispersion in data base] 

[0058] The color matching of the base paint is conducted using, with respect to thinned pigment dispersions of any 
hues, a thinned pigment dispersion having one pigment concentration or a thinned pigment dispersion for rough color 
matching having a high pigment concentration and a thinned pigment dispersion for fine color matching having a low 
20 pigment concentration. 

[0059] To comply with this, regarding the thinned pigment dispersion for color matching of one or more hues, the 
data of the mixing amount of the thinned pigment dispersion in the data base is offered as a data of a mixing amount of 
a thinned pigment dispersion for color matching having one pigment concentration or as a data of two mixing amounts 
of a thinned pigment dispersion for rough color matching having a high pigment concentration and a thinned pigment 
dispersion for fine color matching having a low pigment concentration. The latter data system is especially preferable 
[0060] In the latter data system, it is especially preferable that the data of the mixing amount of the thinned pigment 
dispersion for color matching comprises the data of a mixing amount of a thinned pigment dispersion for rough color 
matching shown by a large measuring unit in terms of a weight unit or a volume unit relative to a base paint in a stand- 
ard amount and the data of a mixing amount of a thinned pigment dispersion for fine color matching shown by a meas- 
uring unit scaled up at a dilution ratio in terms of a weight unit or a volume unit relative to the base paint in the standard 
amount. 

[0061] When a base paint is colored with a combination color of two or more hues, the data of the mixing amount 
of one or more thinned pigment dispersions is offered with respect to the thinned pigment dispersions for color matching 
: of two or more hues. 

35 [0062] By the way, when the thinned pigment dispersion for rough color matching having the high pigment concen- 
tration and the thinned pigment dispersion for fine color matching having the low pigment concentration are used, as 
described above, in the color matching of the base paint, the solution for pigment dilution developed by the present 
inventors can preferably be used for adjusting the amount of the latter though the dilution. 

40 [Method of offering the data base] 

[0063] The method of offering the user the color matching data base for user according to the invention is not par- 
ticularly limited. 

[0064] However, one of the most effective offering methods is a method in which the data is offered to a user on- 
45 line with or without charge. The "on-line" here referred to includes offering through Internet, E-mail or a local area net- 
work (LAN) of a computer, and a 24-hour information offer service using a telephone set and a recording tape. 
[0065] One of the other most effective offering methods is that a data in combination with a color sample is offered 
to a user. The "in combination" here referred to is, for example, offering of a data base book accompanied by a color 
sample, or offering of a color sample for each hue together with the data base through on-line or color facsimile corn- 
so munication so long as an accuracy of a hue can be secured. 

[Correction of a data base] 

[0066] It is advisable that the color matching data base for user according to the invention is corrected, as required 
55 in consideration of the increase or the decrease in the volume of the thinned pigment dispersion owing to the environ- 
mental factors such as the seasonal change in the temperature when the standard amount of the base paint is shown 
in terms of a weight unit and the mixing amounts of the thinned pigment dispersions are shown in terms of a volume 
unit and that the results of correction are immediately offered to a user. The content of the correction formula for such 
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a correction is not particularly limited so long as it is reasonable in consideration of the change in the specific gravity 
owing to the environmental factors. For example, the correction formula as will be described in Examples later can be 



used 



[0067] In this case, generally in the most advantageous mode of the automatic color matching using the color 
s matching device in which a standard amount of a base paint used in a large amount is shown in terms of a weight unit 
and a mixing amount of a thinned pigment dispersion or mixing amounts of a thinned pigment dispersion for rough color 
matching and a thinned pigment dispersion for fine color matching used in small amounts are shown in terms of a vol- 
ume unit, the color matching can be conducted easily and accurately by only correcting a color matching error accom- 
panied by the increase or the decrease in the volume of the thinned pigment dispersion according to a corrected value 
10 of the color matching data base offered, as required, from the maker to the user. 

[0068] By the way, in the correction of such a color matching data, the corrected value can be calculated by a user 
himself, but only a maker can accumulate and control a large volume of a data on which basis the corrected value is 
calculated. For a user to match a color accurately and easily along with calculation of a corrected value and correction 
of color matching without much care, it is most reasonable that a corrected value of a color matching data is offered 
15 from a maker to a user as required. 

[0069] With respect to basic procedures for correcting a data on the basis of the correction formula, it is preferable 
to conduct the following two or three procedures. 



55 



a) The environmental conditions in the actual placie of color matching are inputted. 

b) The corrective calculation is conducted from the inputted conditions in a) and a basic data that a maker pos- 
sesses. 

c) These procedures are conducted on-line in real time. 



[0070] A method of practicing the data correction and the color matching on this basis includes various methods, 
and it is not particularly limited. In one effective method, environmental conditions such as a temperature, a humidity 
and a weather in a position and at a time in which a user conducts the color matching are inputted in a user's on-line 
terminal computer; an on-line host computer (on the maker side) in turn automatically retrieves a basic data accumu- 
lated to automatically provide a data of the change in the specific gravity under the same environmental conditions; 
desired operation is conducted; and the correction data is returned, to the user's terminal computer on-line in real time.' 
[0071] Further in another effective method, a user actually measures a volume weight (specific gravity) of each 
thinned pigment dispersion in a position and at a time for color matching (more preferably calculates an average value 
of plural measured values); the resulting value is inputted in a user's terminal computer; ah on-line host computer in 
turn automatically conducts desired operation based on the correction formula; and a correction data is returned to a 
user's terminal computer on-line in real time. 

[Relation between a data base and a correction data] 

[0072] The color matching data base for user comprises, as described above, the data of the standard amount of 
the base paint and the data of the mixing amount of the thinned pigment dispersion for color matching, more preferably 
the data of the standard amount of the base paint shown in terms of a weight unit and the data of the mixing amounts 
of the thinned pigment dispersions for rough color matching and for fine color matching shown in terms of a volume unit 
relative to the data of the base paint. In the preferred embodiment, the correction data in which the data of the mixing 
amount of the thinned pigment dispersion is offered by being corrected with the correction formula in consideration of 
the change in the specific gravity due to the environmental factors of the thinned pigment dispersion. Accordingly, the 
45 following embodiments are considered with respect to the data base and the correction data. 

a) There is always the standard data base of the data of the standard amount of the base paint and the data of the 
thinned pigment dispersion for color matching. A user can use this as such or the data corrected on the mixing 
amount of the thinned pigment dispersion as described above when a more accurate data is required. 
so b) The standard data base is not offered to the user, but the data base is always offered only as a correction data, 
c) With respect to the correction data of the mixing amounts of the thinned pigment dispersions for rough color 
matching and for fine color matching in a) and b), there are 

(c1) a system in which the data of the mixing amounts of the thinned pigment dispersions for rough color 
matching and for fine color matching in the standard data base are calculated by correction (in this system, the 
correction data of the mixing amounts of the thinned pigment dispersions for rough color matching and for f ine 
color matching might be calculated with a minor measuring unit, for example, "4.15 ml", and this is not neces- 
sarily desirable), and 
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(c2) a system in which the correction data of the mixing amount of the pigment dispersion is first obtained by 
correcting the data of the mixing amount of the pigment dispersion defined in the standard data base, and the 
correction data of the mixing amounts of the thinned pigment dispersions for rough color matching and for fine 
color matching is calculated from the above-described data (in this system, there is no need to include the data 
5 of the mixing amounts of the thinned pigment dispersions for rough color matching and for fine color matching 

in the standard data base. 

EXAMPLES 

10 Example 1 

Formulation of a solution for pigment dilution: 

[0073] A specific formulation of a solution for pigment dilution is described below. In this formulation, a thickener 
75 was hydroxyethyl cellulose, and a drying inhibitor was ethylene glycol (EG). As an antiseptic, "San-ai bac P M (trade 
name for a product of San-Ai Oil Co., Ltd.) was used. As a fungicide, "Coatcide SP M (trade name for a product of 
TAKEDA CHEMICAL INDUSTRIES, LTD.) was used. 



thickener 


0.5 to 5.0% by weight. 


drying inhibitor 


3.0 to 20.0% by weight 


antiseptic 


0.1 to 1.0% by weight 


fungicide 


0.1 to 1.0% by weight 


water 


73.0 to 96.3% by weight 



30 Example 2 

Formulation of a thinned pigment dispersion set for color matching: 

[0074] Formulations of black, yellow and rust-colored pigment dispersions as thinned pigment dispersions for rough 
35 color matching having a high pigment concentration, and a thinned pigment dispersion set for color matching obtained 
by diluting the same with the solution for pigment dilution are described below. 

a) Formulation of a black pigment dispersion 

40 





pigment (carbon black) 


30% by weight 




water-soluble acrylic resin 


10% by weight 


45 


additive (main component is EG, a dispersing medium) 


20% by weight 




water 


40% by weight 



b) Formulation of a yellow pigment dispersion 

50 



pigment (yellow iron oxide) 


42% 


by 


weight 


water-soluble acrylic resin 


20% 


by 


weight 


additive (main component is EG, a dispersing medium) 


14% 


by 


weight 


water 


24% 


by 


weight 
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c) Formulation of a rust-colored pigment dispersion 



5 


pigment(synthetic red iron oxide) 


57% by weight 




extender pigment (silica) ■ 


7% by weight 




water-soluble acrylic resin 


1 2% by weight 


10 


additive (main component is EG, a dispersing medium) 


22% by weight 




water 


2% by weight 



[0075] A thinned pigment dispersion set for color matching of black, yellow and rust hues was formed with the pig- 
is merit dispersions(a), (b) and (c) of the respective hues and the thinned pigment dispersions having the low pigment 
concentration which were diluted to 20 times with the solution for pigment dilution in Example 1 . 

Example 3 

20 Formulation of a base paint: 

[0076] The formulation of the base paint subjected to color matching is as follows. A defoamer, a dispersant and a 
wetting agent were selected from surfactants. . .. 

25 



35 



synthetic resin emulsion (solid content 50%) 


60% by weight 


titanium oxide 


25% by weight 


thickener 


0.5% by weight 


film-forming aid 


5% by weight 


antiseptic 


0.1% by weight 


total of defoamer, dispersant and wetting agent 


0.5% by weight 


water 


8.9% by weight 
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Example 4: Color matching device 

Example 4-1 : Overall structure of the color matching device 

[0077] The outline of the overall structure of the color matching device used in this Example is described by refer- 
ring to Fig. 1 . That is, an empty paint can 1 is first supplied to a color matching line, and a predetermined amount of the 
base paint is charged in a base paint charging portion 2. Subsequently, necessary amounts of a thinned pigment dis- 
persion for rough color matching and a thinned pigment dispersion for fine color matching on a required hue are poured 
into this paint can 1 at a pigment measuring/mixing portion 3 from nozzles of plural piston pumps in a measuring device 
to be described later. 

[0078] The necessary amounts of the thinned pigment dispersions have been determined by the color matching 
data base offered by a maker in, for example, an on-line terminal 4 and further preferably, by the color matching data 
already corrected. Thus, the necessary amounts of these thinned pigment dispersions are measured by being control- 
led artificially or automatically according to the same. 

[0079] The paint can 1 charged with the thinned pigment dispersions in this manner is closed, and further under- 
goes a procedure of mixing by stirring with a stirrer to be described later in a mixing portion 5, whereby the contents are 
uniformly mixed to complete the color matching. The resulting product is directly used by a user, or delivered to a person 
who uses the same as a product that the user sells. 



11 



10 



is 



20 



25 



30 



35 



40 



45 



50 



55 



EP 1 006 344 A1 

Example 4-2: Measuring device used 

[0080] In the pigment measuring/mixing portion 3, a measuring device shown in, for example, Fig. 2 is used to 
measure the amounts of the thinned pigment dispersion for rough color matching (pigment dispersion) and the thinned 
pigment dispersion for fine color matching to be mixed with the base paint. 

[0081] That is, stirring blades 7 for periodically stirring solutions are mounted in a tank 6, and the thinned pigment 
dispersion is stored therein. The tank 6 is communicated with a piston pump 9 through a check valve 8. This piston 
pump 9 has a pump handle 1 1 fitted with a gauge 1 0 having a predetermined unit scale (a guide groove capable of posi- 
tioning the pump handle is formed for each unit scale). 

[0082] While the gauge 10 is set at the indicated scale, the pump handle 1 1 is lifted. Then, a predetermined amount 
of the thinned pigment dispersion is charged into the piston pump 9. Subsequently, when the pump handle 1 1 is pushed 
down, the check valve 8 actuates, whereby the predetermined amount of the thinned pigment dispersion is jetted from 
a nozzle 1 2 for mixing with a base paint. 

[0083] In this measuring device, one tank 6 is actually fitted with a set of a large pump (gauge scale 5 ml, capable 
of measuring 10 to 150 ml) and a small pump (gauge scale 0.2 ml, capable of measuring 0.2 to 8 ml). Further,' the tank 
6 comprises a pair of a tank containing a thinned pigment dispersion for rough color matching and a tank containing a 
thinned pigment dispersion for fine color matching for each hue used. 

Example 4-3: Function of a measuring device 

[0084] When the color matching is conducted using the color matching device including the measuring device, the 
necessary amounts of the thinned pigment dispersion for rough color matching and the thinned pigment dispersion for 
fine color matching are first determined by measuring the amounts which are integral-times the measuring unit peculiar 
to a large-volume pump through from one to several pump operations. Even when fractions are provided, the measure- 
ment of the fractional amounts can be completed through from one to several pump operations with the small measur- 
ing unit peculiar to a small-volume pump. Thus, the measurement can be conducted quite easily and accurately. 
[0085] The amount of the thinned pigment dispersion for rough color matching is defined with a large measuring 
unit, and the amount of the thinned pigment dispersion for fine color matching with a measuring unit scaled up at a dilu- 
tion ratio respectively. Accordingly, regarding both of the thinned pigment dispersions, the amounts of the thinned pig- 
ment dispersions and/or the amounts thereof to be charged in the large-volume pump are easily determined so as not 
to provide the fractions. Even when fractional amounts are provided, the supplementary measurement that does not fur- 
ther provide fractions can easily be conducted with the small-volume pump. 

[0086] Specifically, in case the pigment concentration ratio of the thinned pigment dispersion for rough color match- 
ing and the thinned pigment dispersion for fine color matching is 40:1, it is sufficient that the amount of the thinned pig- 
ment dispersion for rough color matching is determined at "7.0 ml" and that of the thinned pigment dispersion for fine 
color matching at "0.15 x 40 = 6.0 ml" respectively. For example, when the amounts of both of the thinned pigment dis- 
persions for rough color matching and for fine color matching to be charged in the large-volume pump are determined 
at 5 ml and those in the small-volume pump at 0.5 ml respectively, the following procedure is conducted That is when 
the large-volume pump is operated once and the small-volume pump four times on the thinned pigment dispersion for 
rough color matching, the amount "7.0 ml" is measured automatically and accurately. Further, when the large-volume 
pump is operated once and the small-volume pump twice on the thinned pigment dispersion for fine color matching the 
amount "6.0 ml" is measured automatically and accurately. 

[0087] Further, for example, the amount of the thinned pigment dispersion for rough color matching to be charged 
in the large-volume pump is set at 5 ml and the amount thereof charged in the small-volume pump at 2 ml, and the 
amount of the thinned pigment dispersion for fine color matching to be charged in the large-volume pump is set at 5 ml 
and the amount thereof charged in the small-volume pump at 1 ml respectively. As a result, in both of the thinned pig- 
ment dispersions for rough color matching and for fine color matching, the amount "7.0 ml" of the thinned pigment dfs- 
persion for rough color matching and the amount "6.0 ml" of the thinned pigment dispersion for fine color matching are 
measured automatically and accurately when the large-volume pump and the small-volume pump are operated once. 

Examples 4-4: Mixer used 

[0088] In the mixing portion 5, for example, the following stirrer is used. That is, though not shown, the paint can 1 
after closed is gripped with a clamp having a predetermined moving mechanism to provide longitudinal rotation A (in a 
longitudinal direction of the capped paint can) and transversal rotation B (a ratio of numbers of rotations is preferably 
that A is 1 whereas B is 2 or more). In this manner, the contents are uniformly mixed at high speed by stirring. 
[0089] Such a mixer is called a gyro mixer [for example, "COROB • GCM gyro mixer" supplied by Corob S R L 
(Italy)], and it is a known mixer. 
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Example 5: Color matching data base 

Example 5-1 : Example of offering a data in a data base 

[0090] An example of offering a data to a user is described. It is a standard data base mentioned in the above- 
described (a) under the title of [Relation between a data base and a correction data] , and it shows a data of necessary 
mixing amounts of a thinned pigment dispersion for rough color matching and a thinned pigment dispersion for fine color 
matching for black, yellow and rust hues required for color matching of 16 kg of a predetermined base paint to N-80 
color in a standard color sample book for paints published by The Japan Paint Manufacturers Association. A user can 
operate a color matching device as instructed by the very data or as instructed from the correction data obtained by cor- 
recting, as required, the very data as will be described later. 
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Hue 


Reauired amount nf nin- 
ment dispersion 


L/Oior maicnmg ot 
thinned pigment disper- 
sion 


Measuring amount of 
large or small pump 


black 


12.56 g 


rough 


large: 10.0 ml 








small: 0.5 ml 






fine 


large: 0.0 ml 








small: 3.0 ml 


yellow 


13.44 g 


rough 


large: 5.0 ml 








small: 3.8 ml 






. fine 


large: 0.0 ml . 








small: 3.4 ml 


rust 


4.72 g 


rough 


large: 0.0 ml 








small: 2.6 ml 






fine 


large: 0.0 ml 








small: 4.4 ml 



Example 5-2: Data of change in specific gravity of thinned pigment dispersion due to environmental factors 

[0091] Only a part of the data of the change in the specific gravity (called "Dispenser Volume Data Table") as a 
basic data that Applicant collects for correction of the data of the data base is shown in Figs. 3 and 4. In this data of the 
change in the specific gravity, correction coefficients ("corrected values" in Figs. 3 and 4) of mixing amounts of pigment 
dispersions in the above-described system (c2) are calculated. 

[0092] Fig. 3 shows values obtained by measuring amounts of thinned pigment dispersions in predetermined vol- 
umes at a certain time on May 26, 1998 (temperature: 18°C. humidity: 80%, weather: fine) with respect to a group of 
predetermined thinned pigment dispersions indicated at "black" to "yellow" in left column of Fig. 3, together with average 
values thereof and data correction coefficients based on the average values. Fig. 4 shows the same items with respect 
to a group of the same thinned pigment dispersions at a certain time on August 25. 1998 (temperature: 24°C humidity 
90%, weather: cloudy). ' 

[0093] Incidentally. Figs. 3 and 4 describe the data to adapt to the use of a piston pump-type measuring device. In 
Figs. 3 and 4, "pigment dispersion" indicates a pigment dispersion used as a thinned pigment dispersion for rough color 
matching, and "dilute solution" a thinned pigment dispersion for fine color matching respectively. Further, the words 
"large" and "small" indicate "large pump" and "small pump", and "scale" means a scale of a gauge in a piston pump. 
[0094] The comparison between Fig. 3 and Fig. 4 reveals that the data correction of the data base is required and 
advantageous for the accurate color matching of the base paint. 

Example 5-3: Data correction 

[0095] An example of data correction in the data base is described below. First, with respect to each thinned pig- 
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ment dispersion, a unit volume weight Pav. is calculated using the following formula (1). In the formula, V is ml of a 
thinned pigment dispersion, n is the number of measurements of the thinned pigment dispersion, and W is a measured 
value of the thinned pigment dispersion. Further, "£W", means a "total amount of plural W values". 



Pav. m ZW/nV 



(1) 



The thus-calculated Pav. corresponds to the "measured value" in Figs. 3 and 4, and shows the value of change in the 
specific gravity, meaning the correction coefficient of the data. 

[0096] Accordingly, when the original necessary amount of the thinned pigment dispersion [the thinned pigment 
dispersion for rough color matching and the thinned pigment dispersion for fine color matching in system (cl) and the 
pigment dispersion in system (c2)] is indicated op the weight basis in system (d) and system (c2) in the data base the 
necessary corrected value on the weight basis is obtained upon multiplying this by the Pav. value. Further when the 
original necessary amount of the thinned pigment dispersion is indicated in terms of a volume, the necessary corrected 
value on the volume basis is obtained upon multiplying this by 1/Pav. = nV/ZW which is an inverse number of the Pav 
value. 



20 



Example 6: Color matching of a colored paint according to a correction data 

[0097] The foregoing correction was applied to the data of the data base in Example 5-1 . and the color matching of 
the base paint was conducted on the basis of this correction data using a predetermined color matching equipment fit- 
ted with the above-described measuring device. The correction data is as follows. 
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Hue 


Required amount of pig- 
ment dispersion 


Color matching of 
thinned pigment disper- 
sion 


Measuring amount of 
large or small pump 


black 


12.56 g 


rough 


large: 10.0 ml 








small: 0.6 ml 






fine 


large: 5.0 ml 








small: 0.0 ml 


yellow 


13.44 g 


rough 


large: 5.0 ml 








small: 3.8 ml 






fine 


large: 0.0 ml 








small: 2.4 ml 


rust 


4.72 g 


rough 


large: 0.0 ml 








small: 2.6 ml 






fine 


large: 0.0 ml 








small: 2.8 ml 
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[0098] As a result, the color could be matched accurately to N-80 color in a standard color sample book for paints 
published by The Japan Paint Manufacturers Association. 

[0099] While the preferred examples have been described, variations thereto will occur to those skilled in the art 
with the scope of the present inventive concepts which are delineated by the following claims. 

Claims 
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1 . A user's color matching system in which a user of a colored paint himself matches a color of a base paint using a 
thinned pigment dispersion for color matching under the following conditions (1) to (3): 

(T) the user has a color matching device capable of conducting measuring and mixing for color matching- 
(2) the maker of the colored paint offers the user the base paint and the thinned pigment dispersion for color 
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matching of a required hue; and 

(3) the maker of the colored paint offers the user, in any mode, a color matching data base for user that indi- 
cates a standard amount of a base paint in color matching and a mixing amount of a thinned pigment disper- 
sion for color matching of one or more hues to be mixed therewith. 

s 

2. The user's color matching system as claimed in claim 1 , wherein the color matching device comprises means for 
measuring a thinned pigment dispersion for color matching of one or more hues in terms of a volume unit, means 
for charging a thinned pigment dispersion measured into a paint container containing the base paint in a standard 
weight and means for uniformly mixing the contents of the paint containe/bTslirr^n^ 

3. The user's color matching system as claimed in claim 2, wherein said color matching device is such that a paint can 
which can directly be delivered or used is used as the paint container, and closed after the thinned pigment disper- 
sion for color matching is incorporated therein, and necessary movement is applied to the paint can itself to mix the. 
contents of said paint container Jby stirring. 
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The user's color matching system as claimed in any of claims 1 to 3, wherein said thinned pigment dispersion for 
color matching is offered to the user as a thinned pigment dispersion set for color matching comprising a thinned 
pigment dispersion for rough color matching having a high pigment concentration and a thinned pigment dispersion 
for fine color matching having a low pigment concentration for each hue. 

The user's color matching system as claimed in claim 4, wherein the* data of the mixing amount of the thinned pig- 
ment dispersion for color matching of one or more hues in the color matching data base for user comprises a data 
of a mixing amount of the thinned pigment dispersion for jough color matching indicated by a large measuring- unit- 
m terms of a weight unit or a volume unit and a data of a mixing amount of the thinned pigment dispersion for fine 
color matching indicated by a measuring unit scaled up at a dilution ratio in terms of a weight unit or a volume unit 
and the color matching of the base paint with the color matching device is conducted through the rough color 
matching with the thinned pigment dispersion for rough color matching and the fine color matching with the thinned 
pigment dispersion for fine color matching according to these data. 

A thinned pigment dispersion set for color matching which is offered from a maker of a thinned pigment dispersion 
to a user having a measunng device capableofjcc^^ in large and small two measuring units and 

whichjs usedforjhe user to conduct color^tching (MiTp3mf^^ measuring device 7said thinned 

pigment dispersion set comprising 



a pigment djspersion produced for color matching of the base paint, or a thinned pigment dispersion for rough 
color matchinghaving a high pigment concentration, which is obtained by diluting the pigment dispersion at a 
relatively low ratio with a colorless transparent solution for pigmenf dilution containing at least one of HEC 
(hydroxyethyl cellulose), a polycarboxylate and xanthan gum as a thickener and an alkyiene glycol as a drying 
inhibitor and which is used for rough color matching of the base paint in a large measuring unit in the measur- 
40 ing device, and 

a thinned pigment dispersion for fine color matching having a low pigment concentration, which is obtained by 
diluting the pigment dispersion at a relatively high ratio, a known dilution ratio relative to the thinned pigment 
dispersion for rough coior matching with said solution for pigment dilution and which is used for fine color 
matching of the base paint subjected to the rough color matching in a measuring unit scaled up at the known 
45 dilution ratio, and 

the pigment concentration ratio, known to the user, of the thinned pigment dispersion for rough color matching 
having the high pigment concentration and the thinned pigment dispersion for fine color matching having the 
low pigment concentration being in the range of from 5: 1 to 50: 1 . 

A paint color matching method for a user of a colored paint having a measuring device capable of accurate meas- 
urement in large and small twojrn^s^ the color matching of a thinned pigment dispersion of 
any hue using said measuring unit, wherein 
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with respect to a thinned pigment dispersion of one or more hues, a base paint is subjected to rough color 
matching using the thinned pigment dispersion for rough color matching as claimed in claim 6 in a large meas- 
uring unit in the measuring device, and the base paint which has undergone the rough color matching is sub- 
jected to fine color matching using the thinned pigment dispersion for fine color matching as claimed in claim 
6 in a measuring unit scaled up at a known dilution ratio. 
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8. A color matching data base for user which is used in the color matching of a base paint by a user of a colored paint 
and in which at least the following data is offered for each desired color in the color matching: 

(1) a standard amount of a base paint shown in terms of a weight unit or a volume unit; and 

(2) a mixing amount of a thinned pigment dispersion for color matching of one or more hues shown in terms of 
a weight unit or a volume unit relative to the base paint in the standard amount. 

9. The color matching data base for user as claimed in claim 8, wherein the data of the mixing amount of the thinned 
pigment dispersion for color matching of one or more hues comprises the following two types of data: 

(2a) a mixing amount of a thinned pigment dispersion for rough color matching having a high pigment concen- 
tration indicated by a large measuring unit in terms of a weight unit or a volume unit relative to the base paint 
in the standard amount; and 

(2b) a mixing amount of a thinned pigment dispersion for fine color matching having a low pigment concentra- 
tion indicated by a measuring unit scaled up at a dilution ratio in terms of a weight unit or a volume unit relative 
to the base paint in the standard amount. 

10. The color matching data base for user as claimed in claim 8 or 9, wherein in the color matching data base for user, 
the standard amount of the base paint is shown in terms of the weight unit and the mixing amount of the thinned 
pigment dispersion or the mixing amounts of the thinned pigment dispersion for rough color matching and the 
thinned pigment dispersion for fine color matching are shown in terms of the volume unit, 

the data of the mixing amount of the thinned pigment dispersion, or .the data of the mixing amounts of the 
thinned pigment dispersion for rough color matching and the thinned pigment dispersion for fine color matching 
are corrected, as required, by a correction formula in consideration of the change in the specific gravity of var- 
ious thinned pigment dispersions owing to environmental factors, and the correction data is offered to the user 
as required. 
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FIG. 3 

DISPENSER VOLUME DATA TABLE 



Ma} 


(26, 1998 (Tuesday) 


Temperature: 18°C 
Humidity: 80% 
Weather: line 


Pigment 


Pump 


Scale 
(ml) 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


value 


Black 


pigment dispersion, large 


40.0 


46.94 


46.93 


46.92 


46.95 


46.92 


46.93 


1.1733 




pigment dispersion, small 


4.0 


4.72 


4.68 


4.68 


4.70 


4.68 


4.69 


1.1730 




dilute solution, large 


40.0 


40.92 


40.94 


40.93 


40.92 


40.91 


40.92 


1.0231 




dilute solution, small 


4.0 


4.08 


4.10 


4.11 


4.07 


4.09 


4.09 


1 OPPS 






Pigment 


Pump 


Scale 
(mO 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


value 


Rust 


pigment dispersion, large 


40.0 


69.56 


69.51 


69.56 


69.54 


69.52 


69.54 


1.7385 




pigment dispersion, small 


4.0 


6.99 


6.99 


6.99 


6.95 


6.96 


6.98 


1.7440 




dilute solutionrlarge - 


-40:0 - 


-41.16 


-41:19- 


-41717" 


"41717" 


"41718 


" 41.17 


1.0294 




dilute solution, small 


4.0 


4.11 


4.12 


4.11 


4.10 


4.08 


4.10 


1 CiOflCi 








Pigment 


Pump 


Scale 
(ml) 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Go rrected 
value 


Ocher 


pigment dispersion, large 


40.0 


60.51 


60.51 


60.52 


60.50 


60,49 


60.51 


1.5127 




pigment dispersion, small 


4.0 


6.05 


6.03 


6.02 


6.03 


6.02 


6.03 


1.5075 




dilute solution, large 


40.0 


41.10 


41.09 


41.07 


41.11 


41.10 


41.09 


1.0274 




dilute solution, small 


4.0 


4.30 


4.27 


4.30 


4.33 


4.29 


4.30 


1.0745 






Pigment 


Pump 


Scale 
(mO 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


Green 


pigment dispersion, large 


40.0 


48.00 


47.99 


47.99 


48.01 


47.99 


48.00 


1.1999 




pigment dispersion, small 


4.0 


4.85 


4.86 


4.88 


4.87 


4.86 


4.86 


1.2160 




dilute solution, large 


40.0 


40.31 


40.35 


40.33 


40.29 


40.33 


40.32 


1.0081 




dilute solution, small 


4.0 


4.06 


4.05 


4.04 


4.03 


4.06 


4.04 


1.0100 






Pigment 


Pump 


Scale 
(ml) 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


Blue 


pigment dispersion, larqe 


40.0 


43.58 


43.57 


43.58 


43.57 


43.57 


43.57 


1.0894 




pigment dispersion, small 


4.0 


4.35 


4.40 


4.36 


4.39 


4.38 


4.38 


1.0940 




dilute solution, large 


40.0 


40.68 


40.66 


40.69 


40.71 


40.70 


40.69 


1.0172 




dilute solution, small 


4.0 


4.11 


4.09 


4.08 


4.10 


4.07 


4.12 


1.0300 








Pigment 


Pump 


Scale 
(ml) 


1st 


2nd 


3"» 


4th 


5th 


Average 
value 


Corrected 
value 


Red 


pigment dispersion, large 


40.0 


45.02 


45.02 


45.04 


45.05 


45.02 


45.03 


1.1258 




pigment dispersion, small 


4.0 


4.62 


4.57 


4.59 


4.60 


4.59 


4.59 


1.1485 




dilute solution, large 


40.0 . 


40.68 


40.72 


40.70 


40.69 


40.74 


40.71 


1.0178 




dilute solution, small 


4.0 


4.03 


4.02 


4.02 


4.03 


4.04 


4.03 


1.0070 






Pigment 


Pump 


Scale 
<ml) 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


Yellow 


pigment dispersion, large 


40.0 


43.46 


43.42 


43.43 


43.44 


43.44 


43.44 


1.0860 




pigment dispersion, small 


4.0 


4.36 


4.37 


4.36 


4.36 


4.35 


4.36 


1.0900 




dilute solution, large 


40.0 


40.90 


40.88 


40.87 


40.91 


40.92 


40.90 


1.0224 




dilute solution, small 


4.0 


4.21 


4.25 


4.24 


4.21 


4.25 


4.23 


1 .0580 
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FIG. 4 

DISPENSER VOLUME DATA TABLE 
August 25,1998 (Tuesday) Temperature: 24 0 C 

Humidity: 90% 
Weather cloudy 



~ igmeni 


Pump 


Scale 
(ml) 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


DOCK 


pigment dispersion, large 


40.0 


46.62 


46.64 


46.60 


46.63 


46.63 


46.62 


1.1656 




piqment dispersion, small 


' 4.0 


4.65 


4.67 


4.65 


4.65 


4.67 


4.66 


1.1645 




dilute solution, large 


40.0 


40.55 


40.52 


40.51 


40.56 


40.52 


40.53 


1.0133 




dilute solution, small 


4.0 


4.11 


4.12 


4.11 


4.09 


4.12 


4.11 


. 1.0275 














Pigment 


Pump 


Scale 
(ml) 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


Rust 


pigment dispersion, larqe 


40.0 


70.40 


70.45 


70.45 


70.40 


70.41 


70.42 


1.7606 




pigment dispersbn^small 


4.0 


7.06 


7.07 


7.07 


7.09 


7.07 


7.07 


1.7680 




dilute solution, large - 


40.0 


41.22 


41.25" 


41726 


41.24 


41725 


41.24 


1.0311 




dilute solution, small 


4.0 


4.12 


4.12 


4.13 


4.10 


4.10 


4.11 


1.0285 










Pigment 


Pump 


Scale 
(ml) 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


Ocher 


piqment dispersion, larqe 


40.0 


60.65 


60.61 


60.66 


60.65 


60.63 


60.64 


1.5160 




pigment dispersion, small 


4.0 


6.05 


6.04 


6.06 


6.06 


6.06 


6.05 


1.5135 




dilute solution, large 


40.0 


41.11 


41.12 


41.09 


41.14 


41.15 


41.12 


1.0281 




dilute solution, small 


4.0 


4.42 


4.43 


4.41 


4.41 


4.43 


4.42 


1.1050 














Pigment 


Pump 


Scale 
(ml) 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


Green 


pigment dispersion, large 


40.0 


48.53 


48.55 


48.56 


48.55 


48.57 


48.55 


1.2138 




pigment dispersion, small 


4.0 


4.88 


4.87 


4.91 


4.92 


4.91 


4.90 


1.2245 




dilute solution, large 


40.0 


40.72 


40.72 


40.75 


40.71 


40.77 


40.73 


1.0184 




dilute solution, small 


4.0 


.4.07 


4.09 


4.06 


4.09 


4.09 


4.08 


1.0200 










Pigment 


Pump 


Scale 
(mi) 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


Blue 


pigment dispersion, large 


40.0 


44.64 


44.67 


44.66 


44.66 


44.64 


44.65 


1.1164 




pigment dispersion, small 


4.5 


4.53 


4.48 


4.52 


4.49 


4.51 


4.51 . 


0,9969 




dilute solution, targe 


40.0 


40.68 


40.72 


40.66 


40.71 


40.69 


40.69 


1.0173 




dilute solution, small 


4.0 


4.15 


4.12 


4.10 


4.12 


4.15 


4.13 


1.0320 










Pigment 


Pump 


Scale 
(mO 


1st 


2nd 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


Red 


pigment dispersion, large 


40.0 


44.93 


44.91 


44.88 


44.90 


44.88 


.44.90 


1.1225 




pigment dispersion, small 


4.0 


4.52 


4.54 


4.54 


4.52 


4.53 


4.53 | 


1.1325 




dilute solution, larqe 


4O.0 


40.66 


40.69 


40.66 


40.69 


40.64 


40.67 


1.0167 




dilute solution, small 


4.0 


4.01 


4.02 


4.00 


4.04 


4.03 


4.02 


1.0050 




Pigment 


Pump 


Scale 
(ml) 


1st 


2nd . 


3rd 


4th 


5th 


Average 
value 


Corrected 
value 


Yellow 


pigment dispersion, larqe 


40.0 


43.90 


43.87 


43.90 


43.91 


43.91 


43.90 


1.0975 




pigment dispersion, small 


4.0 


4.41 


4.41 


4.42 


4.43 


4.41 


4.42 


1.1040 




dilute solution, large 


40.0 


41.02 


41.04 


41.05 


41.00 


41.04 


41.03 


1.0258 




dilute solution, small 


4.0 


4.32 


4.35 


4.35 


4.31 


4.33 


4.33 


1.0830 
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